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1. 

DEVICE GROUPNG FOR AUDIO BASED 
INTERACTIVITY 

BACKGROUND 

In a building automation environment, a centralized com 
puting device may control multiple components such as 
appliances, security locks, alarm systems, and heating, ven 
tilation, and air conditioning (HVAC) services. Because the 
components in a traditional automation environment may 
Support different communications protocols, different data 
storage formats, different executable software, and so forth, 
the configuration of the controlling computing device may 
be specific to the particular environment and its components. 
Moreover, traditional automation environments may include 
environment-specific wiring and custom hardware compo 
nents. For these reasons, existing building automation envi 
ronments may require customized, expert setup and main 
tenance that may be beyond the capability of the average end 
USC. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 depicts an environment including a plurality of 
audio enabled devices grouped into a device set for shared 
audio functionality Such as shared audio output or shared 
audio input. 

FIG. 2 depicts an environment including audio enabled 
devices grouped into a device set for shared audio function 
ality, in which a voice command received at a first device is 
employed to retrieve audio content and provide the audio 
content to be presented through a second device. 

FIG. 3 depicts an environment including audio enabled 
devices grouped into a device set for shared audio function 
ality, in which a voice command received at a first device is 
employed to retrieve audio content and provide the audio 
content to be presented through a second device in Substan 
tially synchronized playback with the audio content pre 
sented through the first device. 

FIG. 4 depicts an environment including audio enabled 
devices grouped into a device set for shared audio function 
ality, in which a voice command received at a first device is 
employed to retrieve audio content and provide the audio 
content to be presented through a second device, and 
wherein the Voice command is analyzed using a speech 
recognition module executing on one or more distributed 
computing devices. 

FIG. 5 depicts an environment including audio enabled 
devices grouped into a device set for shared audio function 
ality, in which a voice command received at a first device is 
analyzed to determine one or more instructions, and the 
instruction(s) are sent to instruct a second device to retrieve 
and present audio content specified in the Voice command. 

FIG. 6 depicts a block diagram of an example audio 
enabled device configured to provide one or both of audio 
input functionality and audio output functionality. 

FIG. 7 depicts a block diagram of an example distributed 
computing device configured to provide speech recognition 
functionality for interpreting voice commands, and to serve 
audio content to be played on one or more audio enabled 
devices. 

FIG. 8 depicts a schematic illustrating device set infor 
mation that may specify one or more device sets, each 
device set including a plurality of audio enabled devices that 
are grouped for shared audio functionality. 

FIG. 9 depicts a schematic illustrating a first example of 
device set information that describes multiple device sets. 
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2 
FIG. 10 depicts a schematic illustrating a second example 

of device set information that describes multiple device sets. 
FIG. 11 depicts a schematic illustrating a third example of 

device set information that describes multiple device sets. 
FIG. 12 depicts a flow diagram of a process for detecting 

a second audio enabled device in proximity to a first audio 
enabled device, and for determining that the first and second 
audio enabled devices are within a threshold distance or at 
a common location. 

FIG. 13 depicts a flow diagram of a process for desig 
nating a device set that includes first and second audio 
enabled devices, based on the first and second audio enabled 
devices being associated with a same user account. 

FIG. 14 depicts a flow diagram of a process for employing 
a voice command received at a first computing device to 
control one or more operations of a second computing 
device, in cases where the second computing device is not 
capable of processing voice commands. 

FIG. 15 depicts a flow diagram of a process for employing 
a voice command received at a first computing device to 
play audio content on one or more second computing 
devices. 

FIG. 16 depicts a flow diagram of a process for employing 
a voice command received at a first computing device to 
synchronously play audio content on a plurality of audio 
enabled devices included in a target device set. 

FIG. 17 depicts a flow diagram of a process for employing 
a voice command received at a first computing device to 
synchronously play audio content on a plurality of audio 
enabled devices included in a target device, in cases where 
the device set includes or does not include the first comput 
ing device. 

Certain implementations and embodiments will now be 
described more fully below with reference to the accompa 
nying figures, in which various aspects are shown. However, 
various aspects may be implemented in many different 
forms and should not be construed as limited to the imple 
mentations set forth herein. Like numbers refer to like 
elements throughout. 

DETAILED DESCRIPTION 

This disclosure describes implementations of systems, 
devices, methods, and computer-readable media for desig 
nating a device set that includes a plurality of audio enabled 
devices and that enables shared functionality, such as shared 
audio functionality, between the plurality of audio enabled 
devices. In some implementations, the device set may enable 
shared audio functionality that includes shared audio output 
between multiple audio enabled devices, such that the same 
audio output is played in parallel on multiple audio enabled 
devices or played at different times on different audio 
enabled devices. In Such cases, a voice command may 
identify a device set on which audio content is to be played 
(e.g., "play favorite songs in living room'). Device set 
information may then be accessed to determine the audio 
enabled devices that are included in the identified device set 
(e.g., living room audio playback devices), and the requested 
audio content may be played on the audio enabled devices 
of the device set. A device set may also enable shared audio 
functionality that includes shared audio input, such that a 
Voice command or other audio input received at a receiving 
audio enabled device may be employed to control audio 
output or other operations performed by one or more target 
devices. For example, a Voice command play random 
classical music in the bedroom” may be received and 
processed by an audio enabled device in a different room 
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(e.g., the living room). The audio enabled device that 
receives the voice command may then cause the specified 
device set (e.g., bedroom audio playback devices) to play the 
specified audio content. 

In some implementations, a device set may determine 
whether shared functionality is authorized between devices. 
For example, a voice command may be received at a first 
audio enabled device, the Voice command specifying audio 
content to be played on a second audio enabled device. If the 
first and second audio enabled devices are included in the 
same device set, the first audio enabled device to send one 
or more instructions to the second audio enabled device to 
instruct the second audio enabled device to play the 
requested audio content. 

In some implementations, a receiving device may receive 
a voice command or other audio input from a user, the Voice 
command identifying one or more target audio enabled 
devices and describing audio content to be played on the 
target audio enabled devices. The Voice command may 
specify audio content as one or more particular audio files, 
Such as particular songs, albums, tracks, and so forth (e.g., 
“play track 3 from album Y”, “play songX', etc.). The voice 
command may also specify audio content as a named 
collection of audio content, Such as a curated playlist, 
favorites list, and so forth (e.g., "play my new years eve 
party mix', 'play favorites list”, “play random selection of 
my music', etc.). The audio content may also be specified as 
a category or class of audio content (e.g., "play jazz, “play 
top 100 rated Songs”, etc.), or according to a particular artist 
who composed or recorded the audio content (e.g., "play 
Mozart', 'play songs by ArtistM”, etc.). The voice com 
mand may identify one or more target audio enabled devices 
on which the audio content is to be played (e.g., "play jazz 
through living room set top box'). Alternatively, the voice 
command may identify a target device set that includes a 
plurality of target audio enabled devices on which the audio 
content is to be played (e.g., "play SongX through whole 
house audio output devices'). In some cases, the voice 
command may specify different audio content to be played 
on multiple audio enabled devices (e.g., "play SongX in 
living room and play SongY in master bedroom”). 
The Voice command may be analyzed by a speech rec 

ognition module executing on the receiving device, or by a 
speech recognition module executing on one or more dis 
tributed computing devices. Based on the analysis of the 
Voice command, one or more instructions may be deter 
mined to instruct the target audio enabled devices to perform 
the operation specified in the voice command. The instruc 
tions may then be sent to each of the target audio enabled 
devices to instruct the target audio enabled devices to 
perform the operation. Shared functionality between the 
receiving device and the target audio enabled devices may 
include, but is not limited to, one or more of the following 
examples. 
A Voice command received at the receiving device may 

specify audio content to be played on a single target audio 
enabled device. In some cases, the target audio enabled 
device may be configured to provide an audio output func 
tion but may not be configured to provide an audio input 
function or may be too far away to receive the voice 
command. In such cases, the shared audio functionality may 
enable the target audio enabled device to be controlled via 
the Voice command received at the receiving device. 
A Voice command received at the receiving device may 

specify audio content to be played on a plurality of target 
audio enabled devices included in a target device set. The 
plurality of target audio enabled devices may be specified to 
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4 
include the receiving device, or may not include the receiv 
ing device. In some cases, the audio content may be played 
in parallel (e.g., Substantially synchronously or simultane 
ously) on the plurality of target audio enabled devices. 
Alternatively, the audio content may be played progressively 
at different times on different ones of the plurality of target 
audio enabled devices. For example, in the Voice command 
a user may specify that the audio playback is to follow her 
as she moves from room to room in her house, and different 
target audio enabled device(s) may play the audio content 
based on the location of the user in the house. 
A Voice command received at the receiving device may 

specify other types of operations to be performed by one or 
more target audio enabled devices. For example, a voice 
command may specify that the target audio enabled 
device(s) are to activate, deactivate, sleep, shutdown, or 
perform other operations. In cases where the target audio 
enabled device(s) are not configured to provide an audio 
input function, the shared audio functionality may enable the 
target audio enabled device(s) to be controlled via voice 
command(s) processed by the receiving device. 
A device set may be employed to determine whether the 

receiving device may control the operations of the target 
device based on the received voice command. In some 
implementations, a first device may detect a presence of a 
second device through a signal transmitted by the second 
device and received at the first device. In some cases, the 
signal may be a radio frequency signal arranged according 
to a version of an Institute of Electrical and Electronics 
Engineers (IEEE) 802.11 standard. The signal may also be 
a radio frequency signal arranged according to a version of 
the BluetoothTM wireless standard managed by the Blu 
etooth TM Special Interest Group (SIG). Implementations 
also support other types of signals to determine a presence 
of device(s), including but not limited to electromagnetic 
signals in any frequency range (e.g., infrared, optical light), 
Sonic signals in any frequency range (e.g., audible Sounds, 
infrasonic sounds, ultrasonic Sounds, etc.), and so forth. 
The signal may include device identification information 

that identifies the second device. Such as a device name, 
media access control (MAC) address, Internet Protocol (IP) 
address, and so forth. Based on the strength of the signal or 
other information, the first device may determine a distance 
between the first device and the second device, or a location 
of the first device relative to some other reference point. For 
example, a determination may be made that the second 
device is three meters from the first device, or that the first 
and second devices are both in a same house, same room, 
same portion of a room, and so forth. 

Based on the first and second devices being within a 
threshold distance of each other, a device set may be 
designated to include the first and second devices. The 
designation of a device set may also be based on other 
criteria. Implementations Support the designation of a device 
set based on criteria including, but not limited to, one or 
more of the following. 
A device set may be designated based on a relative 

location, distance, or orientation of devices relative to one 
another. For example, a device set may be designated to 
include devices within radio signal range of one another, or 
within a predetermined threshold distance (e.g., ten meters) 
of one another. 
A device set may be designated based on an absolute a 

location of devices. For example, a device set may be 
designated to include devices that are located within a same 
region, locale, structure, or portion of a structure. Such as in 
a same house or a same room of a house. 
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A device set may be designated based on a Supported 
function of the devices. For example, a device set may be 
designated to include devices that provide an audio output 
function through audio output components (e.g., speakers), 
or to include devices that provide an audio input function for 
accepting Voice commands through audio input components 
(e.g., microphones). 
A device set may be designated based on the ownership, 

use, or other association of the devices with a same user or 
group of users. For example, a device set may be designated 
to include devices that are associated with Jane's user 
account, or to include devices that are associated with 
members of the Jones family. 
A user account may include an account that the user 106 

has established and maintains with a network service pro 
vider, an online media provider (e.g., of streaming or down 
loadable audio or video), an online merchant, or another 
type of Service provider. A user account may also include an 
account that the user 106 employs to access one or more 
computing devices (e.g., the audio enabled device(s) 102) 
individually, or to access an administrative or network 
domain that controls access to one or more computing 
devices. The user account may be a login that the user 106 
employs to access one or more services or devices. In some 
cases, the user account may be associated with a password, 
security certificate, security tokens, or other credentials that 
may be employed to authenticate the user 106 during a 
request for access to one or more services or devices. 
On determining that the first and second devices meet the 

criteria for inclusion in a device set, device set information 
may be updated to indicate that the first and second devices 
are members of a device set. In some implementations a 
voice command received at the first device may be 
employed to control one or more second devices if the first 
and second devices are included in a same device set. 
Accordingly, a device set may be employed to regulate the 
control or access of one device through another device. 
Moreover, the device set information may also be employed 
to identify the devices that are members of a target device set 
specified in a voice command. For example, a voice com 
mand "play favorites list on living room audio output 
devices' may be parsed to identify “living room audio 
output devices” as the target device set on which the 
“favorites list' is to be played. The device set information 
may then be accessed to determine the audio enabled 
devices that are members of the device set “living room 
audio output devices”. 

FIG. 1 depicts an environment 100 in which audio func 
tionality, or other types of functionality, may be shared 
among multiple devices. As shown in FIG. 1, the environ 
ment 100 may include one or more audio enabled devices 
102. The audio enabled devices 102 may include any type of 
computing device or other electronic device that provides 
audio output functionality, audio input functionality, or both 
audio output and audio input functionality. The audio 
enabled devices 102 are described further with reference to 
FIG. 6. 
The audio enabled devices 102 may include one or more 

audio enabled devices 102(1) that are standalone audio 
input/output (I/O) devices. Such audio enabled device(s) 
102(1) may provide an audio input function for receiving 
and processing voice commands, or may provide an audio 
output function for playing audio content. In some cases, the 
audio enabled device(s) 102(1) may support both audio 
input and audio output. The audio enabled device(s) 102(1) 
may be substantially standalone (e.g., minimal) devices in 
that their functionality includes one or both of audio input 
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6 
and audio output, network communications capability, and 
Sufficient storage and processing capacity to process audio 
and network data. In some cases, the audio enabled device(s) 
102(1) may be without a display (e.g., headless). In some 
cases, one or more of the audio enabled device(s) 102(1) 
may provide an always-on audio input feature. Such that the 
audio enabled device(s) 102(1) are able to receive and 
process audio input (e.g., voice commands) while in a 
normal or typical operating state. 
The audio enabled devices 102 may include one or more 

audio enabled devices 102(2) that provide an audio output 
function through interactions with one or more audio play 
back components that are external to and in communication 
with the audio enabled device(s) 102(2). For example, the 
audio enabled device(s) 102(2) may include a set top box or 
a game console that is connected to an audio-visual presen 
tation system 104 Such as a home theater system, television, 
audio receiver, speakers, amplifiers, and so forth. The audio 
enabled device(s) 102(2) may employ the audio output 
components of the audio-visual presentation system 104 to 
play audio content. Although the example of FIG. 1 depicts 
the audio enabled device(s) 102(2) communicating with a 
particular component (e.g., a receiver) of the audio-visual 
presentation system 104, implementations are not so limited. 
The audio enabled device(s) 102(2) may send audio content 
or other information to any components of the audio-visual 
presentation system 104, including but not limited to audio 
output devices (e.g., speakers), display devices (e.g., tele 
visions), storage devices, audio-visual recording or playback 
devices, game consoles, and so forth. 

In some cases, the audio enabled device(s) 102(2) may 
also provide an audio input function enabling the audio 
enabled device(s) 102(2) to be controlled through voice 
commands or other audio input. In some cases, the audio 
enabled device(s) 102(2) may provide a clutched audio input 
feature, such that the audio enabled device(s) 102(2) are able 
to receive and process audio input (e.g., voice commands) 
while a user 106 is pressing a button on the audio enabled 
device(s) 102(2) or while a user 106 is otherwise manipu 
lating the audio enabled device(s) 102(2). 
The audio enabled devices 102 may include one or more 

audio enabled devices 102(3) that are user devices owned 
by, used by, or otherwise associated with one or more users 
106. The audio enabled device(s) 102(3) may comprise any 
type of computing device, including but not limited to a 
server computer, a personal computer, a network computer, 
a Smartphone, a tablet computer, a wearable computer, an 
implanted computer, a mobile gaming device, an electronic 
book reader, an automotive computer, a desktop computer, 
a laptop computer, a thin client, a terminal, and so forth. In 
some cases, the audio enabled device(s) 102(3) may include 
computing devices that are Substantially mobile or portable, 
Such as a tablet computer, a wearable computer, a Smart 
phone, a mobile gaming device, or an electronic book reader. 
The environment 100 may include any number of the 

audio enabled devices 102 distributed in any location or 
orientation within the environment 100. For example, the 
audio enabled devices 102 may be distributed throughout the 
various rooms of a home. Such as bedrooms, offices, living 
rooms, home theater rooms, dining rooms, bathrooms, kitch 
ens, and so forth. Although the examples herein describe 
implementations operating within a home environment, 
implementations are not so limited. Implementations may 
also operate in other environments, including but not limited 
to offices, commercial spaces, other types of buildings, or 
other enclosed, indoor spaces. Implementations may also 
operate in outdoor environments, such as parks, play 
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grounds, stadiums, and so forth. In some cases, any number 
of the audio enabled devices 102 may comprise a cluster, 
cloud, farm, or other grouping of multiple devices that 
coordinate operations to provide load balancing, failover 
Support, parallel processing capabilities, shared storage 
resources, or other aspects. As described above, the audio 
enabled devices 102 may be grouped into any number of 
device sets 108 for shared functionality. The device set(s) 
108 are described further with reference to FIGS. 8-11, and 
the designation of a device set 108 is described further with 
reference to FIGS. 12 and 13. A device set 108 may include 
one or more of the audio enabled devices 102. 

In some implementations, a user 106 within the environ 
ment 100 may issue a voice command 110. In some cases, 
the voice command 110 may be an utterance spoken by the 
user 106. Alternatively, the voice command 110 may be any 
other type of sound generated or caused by the user 106, 
including but not limited to any number of hand claps, finger 
Snaps, whistles, and so forth. The Voice command 110 may 
also include Sounds caused by the user 106 impacting a part 
of the user's body against another object, or noises caused 
by the user 106 manipulating a musical instrument or other 
object. Moreover, implementations are not limited to voice 
commands 110 issued by human users 106. Implementations 
also support voice commands 110 that are sounds generated 
by other entities such as animals, robots, or computing 
devices. Implementations Support audio output (e.g., audio 
playback) and audio input (e.g., voice command inputs) in 
any Sonic range, including Sounds in a frequency range that 
is audible to humans, Sounds having a higher frequency than 
the human audible range (e.g., ultrasound), and sounds 
having a lower frequency than the human audio range (e.g., 
infrasound). 
The voice command 110 may be received by at least one 

of the audio enabled devices 102. The receiving audio 
enabled device(s) 102 may analyze the voice command 110 
to determine one or more instructions 112 to be employed to 
instruct one or more target audio enabled devices 102 to 
perform one or more operations specified in the voice 
command 110. In some cases, the Voice command 110 may 
be analyzed by the receiving audio enabled device 102. 
Alternatively, the voice command 110 may be sent to one or 
more distributed computing devices for analysis. The 
instruction(s) 112 may be sent to the target audio enabled 
device(s) 102 specified in the voice command 110, to 
instruct the target audio enabled device(s) 102 to perform the 
operation(s) specified in the voice command 110. 

In the example of FIG. 1, the user 106 issues the voice 
command 110 requesting play Song on living room TV. 
The voice command 110 may be received by one of the 
audio enabled device(s) 102(1) (e.g., a standalone audio I/O 
device). The receiving audio enabled device 102(1) may 
parse or otherwise analyze the voice command 110 to 
determine the requested operation “play Song” and to deter 
mine the target device “living room TV on which the audio 
is to be played. The instruction(s) 112 may be generated to 
instruct the target device to "play Song” and the instruc 
tion(s) 112 may be sent to the target device. In this example, 
the target device is one of the audio enabled device(s) 102(2) 
that is a set top box connected to the audio-visual presen 
tation system 104 (e.g., “the living room TV). On receiving 
the instruction(s) 112, the target audio enabled device 102(2) 
may play the requested 'song as audio output 114 through 
the audio playback component(s) of the audio-visual pre 
sentation system 104. In some cases, the target audio 
enabled device 102 may retrieve the requested audio content 
from local storage, or may request the audio content over a 
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network from a remote service. Alternatively, the receiving 
audio enabled device 102 may retrieve the requested audio 
content from local storage, or may request the audio content 
over a network from a remote service. The receiving audio 
enabled device 102 may then send the audio content to the 
target audio enabled device 102. 

In some implementations the receiving audio enabled 
device 102 may send the instruction(s) 112, and in some 
cases the audio content, over a peer-to-peer network estab 
lished between the receiving audio enabled device 102 and 
the target audio enabled device 102. In some cases, the 
employed peer-to-peer network may be a wireless network, 
Such as a wireless network that complies with a version of 
the IEEE 802.11 standard. A peer-to-peer network may 
include any type of network architecture in which any node 
(e.g., an audio enabled device 102) of the network may act 
as one or both of a provider and a consumer of information. 
Accordingly, any number of pairs of the audio enabled 
devices 102 may each establish a peer-to-peer network that 
connects the pair, and that enables the instruction(s) 112 or 
audio content to be sent from one to the other. In some cases, 
a peer-to-peer network may be established (e.g., ad hoc) 
between a pair of devices, and may not be managed by a 
router, access point, or other network management device. 
For example, a peer-to-peer network may be distinct from a 
LAN or WLAN. 

FIG. 2 depicts an environment 200 including audio 
enabled devices 102 grouped into a device set 108 for shared 
audio functionality. FIG. 2 provides a more detailed depic 
tion of the example shown in FIG. 1. Elements of FIG. 2 
may be configured similarly to like-numbered elements of 
FIG. 1, or may perform similar operations to like-numbered 
elements of FIG. 1. In the example of FIG. 2, a voice 
command 110 is received by a voice command processing 
module 202 executing on a first audio enabled device 102(1) 
(e.g., the receiving device). In implementations illustrated 
by FIG. 2, the voice command processing module 202 may 
include a speech recognition module 204 that recognizes 
words, phrases, or other Sounds included in the voice 
command 110. Implementations Support the use of any type 
of speech recognition Software. 
The speech recognition module 204 may determine a 

content identifier (ID) 206 based on its analysis of the voice 
command 110. The content ID 206 may identify one or more 
particular songs, tracks, albums, or other instances of audio 
content. In some cases, the content ID 206 may identify a 
curated collection of audio content, such as a playlist, a 
favorites list, and so forth. The content ID 206 may also 
identify a particular class, type, or category of audio content 
(e.g., “classical guitar music'). The content ID 206 may be 
provided to a content retrieval module 208 executing on the 
audio enabled device 102(1). 

In some implementations, the content retrieval module 
208 may send the content ID 206 to one or more distributed 
computing device(s) 210 that execute a content service 
module 212. In response to receiving the content ID 206, the 
content service module 212 may send audio data 214 to the 
content retrieval module 208, the audio data 214 corre 
sponding to the audio content identified by the content ID 
206. The audio data 214 may be provided in any format 
including but not limited to any version of the Waveform 
Audio File Format (WAV); the AU file format, the Moving 
Picture Experts Group (MPEG) formats such as MPEG-1, 
MPEG-2, MP3, or MPEG-4 formats; or the Audio Video 
Interleave (AVI) format. In some cases, the audio data 214 
may be sent in a file from the distributed computing 
device(s) 210 to the audio enabled device 102(1), and 
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processed by the content retrieval module 208 after the file 
transport is complete. Alternatively, the audio data 214 may 
be sent as a stream from the distributed computing device(s) 
210 to the audio enabled device 102(1), and processed 
progressively by the content retrieval module 208 while the 
audio data 214 is being received. In some implementations, 
the audio data 214 may be cached or otherwise stored in 
memory on the audio enabled device 102(1), and retrieved 
from local storage instead of being requested from the 
distributed computing device(s) 210. 
The distributed computing device(s) 210 may be any type 

of computing device, including but not limited to a server 
computer, a personal computer, a network computer, a 
desktop computer, a rack-mounted computer, and so forth. 
In some cases, any number of the distributed computing 
device(s) 210 may comprise a cluster, cloud, farm, or other 
grouping of multiple devices that coordinate operations to 
provide load balancing, failover Support, parallel processing 
capabilities, shared storage resources, or other aspects. An 
example of the distributed computing device(s) 210 is 
described further with reference to FIG. 7. 

Based on its analysis of the voice command 110, the 
speech recognition module 204 may determine the one or 
more audio enabled devices 102(2) (e.g., the target 
device(s)) on which the requested audio content is to be 
played. The speech recognition module 204 may also deter 
mine one or more instructions 112 to instruct the audio 
enabled device(s) 102(2) to play the requested audio con 
tent. The instruction(s) 112 and the audio data 214 may be 
sent to an audio output module 216 executing on the audio 
enabled device(s) 102(2). The audio output module 216 may 
execute the instruction(s) 112 that cause the audio output 
module 216 to play the audio data 214, generating the audio 
output 114. 

FIG. 3 depicts an environment 300 including audio 
enabled devices 102 grouped into a device set 108 for shared 
audio functionality. Elements of FIG.3 may be configured 
similarly to like-numbered elements of FIGS. 1 and 2, or 
may perform similar operations to like-numbered elements 
of FIGS. 1 and 2. In implementations illustrated by FIG. 3, 
the audio data 214 received by the content retrieval module 
208 may be provided to an audio output module 216(1) 
executing on the audio enabled device 102(1) as well as to 
the audio output module 216(2) executing on the audio 
enabled device(s) 102(2). This may occur when the audio 
enabled device 102(1) is included in the target devices 
identified in the voice command 110, such that the audio 
enabled device 102(1) is designated as both the receiving 
device and a target device. The audio output module 216(1) 
may play the audio data 214 as audio output 114(1), and the 
audio output module 216(2) may play the audio data 214 as 
audio output 114(2). In this example, the audio output 114(1) 
and the audio output 114(2) may be played in parallel, in a 
substantially synchronized playback. Alternatively, the 
audio output 114(1) and the audio output 114(2) may be 
played progressively, such that one of the audio output 
114(1) and the audio output 114(2) is played during a first 
time period and the other of the audio output 114(1) and the 
audio output 114(2) is played during a second time period 
that does not overlap with the first time period. 

The substantially synchronous playback of the audio 
output 114(1) and the audio output 114(2) may be synchro 
nous in time within a predetermined tolerance threshold. For 
example, the audio output 114(1) and the audio output 
114(2) may be synchronized to play within 20 milliseconds 
beyond which the human hearing system may be able to 
discern asynchronous playback. In some implementations, 
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synchronization of the audio output 114(1) and the audio 
output 114(2) may be accomplished by Synchronizing the 
audio enabled devices 102(1) and 102(2) to a same clock. In 
Some cases, the clock of one of the audio enabled devices 
102 may be designated as a master clock, and the other audio 
enabled devices 102 may synchronize their clocks to the 
master clock. 

FIG. 4 depicts an environment 400 including audio 
enabled devices 102 grouped into a device set 108 for shared 
audio functionality. Elements of FIG. 4 may be configured 
similarly to like-numbered elements of FIGS. 1-3, or may 
perform similar operations to like-numbered elements of 
FIGS. 1-3. In implementations illustrated by FIG. 4, the 
Voice command 110 is analyzed using a speech recognition 
module 204 executing on the distributed computing 
device(s) 210 instead of on the audio enabled device 102(1). 
On receiving the voice command 110, the voice command 

processing module 202 may send the Voice command to the 
speech recognition module 204 executing on the distributed 
computing device(s) 210. The speech recognition module 
204 may parse or otherwise analyze the voice command 110. 
and determine one or more instructions 112 based on the 
analysis. The instruction(s) 112 may be returned to the voice 
command processing module 202. The speech recognition 
module 204 may also parse the voice command 110 to 
identify the requested audio content, and may determine the 
content ID 206 that identifies the audio content to be played. 
The content ID 206 may be returned to the voice command 
process module 202 from the speech recognition module 
204. The speech recognition module 204 may also deter 
mine, based on the voice command 110, the content ID 206 
identifying the requested audio content and an identification 
of the target audio enabled device(s) 102(2) on which the 
audio content is to be played. The content ID 206 and 
identification of the target audio enabled device(s) 102(2) 
may also be provided to the voice command processing 
module 202. Processing may then proceed as described 
above with reference to FIGS. 2 and 3. In some implemen 
tations, the speech recognition module 204 may execute on 
different ones of the distributed computing devices 210 than 
the content service module 212. Alternatively, the speech 
recognition module 204 and the content service module 212 
may execute on the same distributed computing device(s) 
210. In some implementations, the speech recognition mod 
ule 204 may communicate the instruction(s) 112 and the 
content ID 206 directly to the audio enabled device(s) 
102(2), enabling the audio output module 216 of the audio 
enabled device(s) 102(2) to play the audio content as the 
audio output 114. 

FIG. 5 depicts an environment 500 including audio 
enabled devices 102 grouped into a device set 108 for shared 
audio functionality. Elements of FIG. 5 may be configured 
similarly to like-numbered elements of FIGS. 1-4, or may 
perform similar operations to like-numbered elements of 
FIGS. 1-4. The voice command 110 may be received at the 
audio enabled device 102(1) and processed to determine the 
instruction(s) 112, the content ID 206, and the target audio 
enabled device(s) 102(2). In implementations illustrated by 
FIG. 5, the instruction(s) 112 and the content ID 206 may be 
sent to a content retrieval module 208 executing on the target 
audio enabled device(s) 102(2). The content retrieval mod 
ule 208 may then request and receive the audio data 214 
from the distributed computing device(s) 210 based on the 
content ID 206. In some cases, the content ID 206 may be 
specified as a Uniform Resource Identifier (URI) such as a 
Uniform Resource Locator (URL) or Uniform Resource 
Name (URN). The content ID 206 may provide a fully 
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qualified network location of the audio data 214 identified 
by the content ID 206. On receiving the audio data 214, the 
content retrieval module 208 may provide the audio data 214 
to the audio output module 216 for playback as the audio 
output 114. 

Although FIGS. 1-5 provide example configurations of 
devices and environments Supported by implementations, 
implementations are not limited to these examples. Some 
implementations may employ the various features described 
with reference to FIGS. 1-5 in any combination. For 
example, the audio enabled device 102(1) may employ a 
speech recognition module 204 executing on the distributed 
computing device(s) 210 to analyze the voice command 110. 
instead of or in addition to a locally executing speech 
recognition module 204. As another example, in FIG. 5 the 
voice command 110 may specify a device set 108 of target 
audio enabled devices 102 that include the receiving audio 
enabled device 102(1). In such cases, the audio enabled 
devices 102(1) and 102(2) may each independently request 
and receive the audio data 214 from the distributed com 
puting device(s) 210 based on the content ID 206, and may 
each play the audio content in Substantially synchronized 
audio outputs 114 as shown in FIG. 3. Examples of shared 
audio functionality among devices of a device set 108 are 
described further with reference to FIGS. 14-17. 
The various devices of the environments 100, 200, 300, 

400, and 500 may communicate with one another using one 
or more networks. Such networks may include public net 
works such as the Internet, private networks such as an 
institutional or personal intranet, or some combination of 
private and public networks. The networks may include any 
type of wired or wireless network, including but not limited 
to local area networks (LANs), wide area networks (WANs). 
wireless WANs (WWANs), wireless LANs (WLANs), 
mobile communications networks (e.g. 3G, 4G, etc.), and so 
forth. In some implementations, communications between 
the various devices in the environments 100, 200, 300, 400, 
and 500 may be encrypted or otherwise secured. For 
example, Such communications may employ one or more 
public or private cryptographic keys, ciphers, digital certifi 
cates, or other credentials supported by a security protocol 
such as any version of the Secure Sockets Layer (SSL) or the 
Transport Layer Security (TLS) protocol. 

FIG. 6 depicts a block diagram 600 of an example of the 
audio enabled device(s) 102. As shown in the block diagram 
600, the audio enabled device 102 may include one or more 
processors 602 (e.g., hardware-based processor(s)) config 
ured to execute one or more stored instructions. The pro 
cessor(s) 602 may comprise one or more cores. 
The audio enabled device 102 may include one or more 

I/O devices 604. The I/O device(s) 604 may include input 
devices such as a keyboard, a mouse, a pen, a game 
controller, a touch input device, a gestural input device, a 
haptic input device, an image or video capture device (e.g., 
a camera), or other devices. In some cases, the I/O device(s) 
604 may also include output devices such as a display, a 
printer, a haptic output device, and so forth. The I/O 
device(s) 604 may be physically incorporated with the audio 
enabled device 102, or may be externally placed. 
The I/O device(s) 604 may include one or more audio 

output devices 606, including but not limited to speakers, 
bone conduction audio output devices, or haptic actuators 
that generate vibrations in an audible frequency range. The 
audio output device(s) 606 may present audio output in any 
audio frequency range. The I/O device(s) 604 may also 
include one or more audio input devices 608, including but 
not limited to microphones. The audio input device(s) 608 
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12 
may detect Sounds in any audio frequency range. In some 
cases, the audio input device(s) 608 may be directional, such 
that they are configured to determine a direction of the 
Source of a Sound. 
The audio enabled device 102 may include one or more 

I/O interfaces 610 to enable components or modules of the 
audio enabled device 102 to control, interface with, or 
otherwise communicate with the I/O device(s) 604. The I/O 
interface(s) 610 may enable information to be transferred in 
or out of the audio enabled device 102, or between compo 
nents of the audio enabled device 102, through serial com 
munication, parallel communication, or other types of com 
munication. For example, the I/O interface(s) 610 may 
comply with a version of the RS-232 standard for serial 
ports, or with a version of the Institute of Electrical and 
Electronics Engineers (IEEE) 1284 standard for parallel 
ports. As another example, the I/O interface(s) 610 may be 
configured to provide a connection over Universal Serial 
Bus (USB) or Ethernet. In some cases, the I/O interface(s) 
610 may be configured to provide a serial connection that is 
compliant with a version of the IEEE 1394 standard. The I/O 
interface(s) 610 may be configured to convey audio infor 
mation according to the SonyTM/PhilipsTM Digital Interface 
Format (S/PDIF), the ToshibaTM Link (TOSLINK) format, 
or according to other audio interconnection standards. The 
audio enabled device 102 may also include one or more 
busses or other internal communications hardware or soft 
ware that allow for the transfer of data between the various 
modules and components of the audio enabled device 102. 
The audio enabled device 102 may include one or more 

network interfaces 612 that enable communications between 
the audio enabled device 102 and other network accessible 
computing devices, such as the distributed computing 
device(s) 210. The network interface(s) 612 may include one 
or more network interface controllers (NICs) or other types 
of transceiver devices configured to send and receive com 
munications over a network. 
The audio enabled device 102 may include one or more 

memories, described herein as memory 614. The memory 
614 comprises one or more computer-readable storage 
media (CRSM). The CRSM may include one or more of an 
electronic storage medium, a magnetic storage medium, an 
optical storage medium, a quantum storage medium, a 
mechanical computer storage medium, and so forth. The 
memory 614 provides storage of computer-readable instruc 
tions that may describe data structures, program modules, 
processes, applications, or other data for the operation of the 
audio enabled device 102. In some implementations, the 
memory 614 may provide storage of computer-readable 
instructions or other information in a non-transitory format. 
The memory 614 may include an operating system (OS) 

module 616. The OS module 616 may be configured to 
manage hardware resources such as the I/O device(s) 604, 
the I/O interface(s) 610, and the network interface(s) 612. 
and to provide various services to applications, processes, or 
modules executing on the processor(s) 602. The OS module 
616 may include one or more of the following: any version 
of the LinuxTM operating system; any version of iOSTM from 
AppleTM Corp. of Cupertino, Calif., USA; any version of 
Windows’ or Windows MobileTM from MicrosoftTM Corp. of 
Redmond, Wash., USA; any version of AndroidTM from 
GoogleTM Corp. of Mountain View, Calif., USA and its 
derivatives from various sources; any version of Palm OSTM 
from Palm ComputingTM, Inc. of Sunnyvale, Calif., USA 
and its derivatives from various sources; any version of 
BlackBerry OSTM from Research InMotionTM Ltd. of Water 
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loo, Ontario, Canada; any version of VxWorksTM from Wind 
River SystemsTM of Alameda, Calif., USA; or other operat 
ing Systems. 
The memory 614 may include one or more of the modules 

described above as executing on the audio enabled device 
102. Such as the Voice command processing module 202, the 
speech recognition module 204, the content retrieval module 
208, and the audio output module 216. In some implemen 
tations, the memory 614 may include a device set processing 
module 618 that performs operations for designating a 
device set 108 that includes one or more audio enabled 
devices 102. Such operations are described further with 
reference to FIGS. 12 and 13. The memory 614 may also 
include one or more other modules 620, such as a user 
authentication module or an access control module to secure 
access to the audio enabled device 102, and so forth. 
The memory 614 may include data storage 622 to store 

data for operations of the audio enabled device 102. The data 
storage 622 may comprise a database, array, structured list, 
tree, or other data structure, and may be a relational or a 
non-relational datastore. The data storage 622 may store data 
Such as that described above, including one or more of the 
voice command(s) 110, the instruction(s) 112, the content 
IDs 206, or the audio data 214. The data storage 622 may 
also store device set information 624 describing one or more 
device sets 108. The device set information 624 is described 
further with reference to FIGS. 8-11. In some implementa 
tions, the data storage 622 may store account information 
626 describing one or more user accounts associated with 
each of one or more audio enabled devices 102. The data 
storage 622 may also store device capability information 
628 describing the functions (e.g., audio input or output 
functions, video functions, and so forth) Supported by each 
of one or more audio enabled devices 102. The data storage 
622 may also store other data 630, such as user authentica 
tion information or access control data. In some implemen 
tations, at least a portion of the information stored in the data 
storage 622 may be stored externally to the audio enabled 
device 102, on other devices that may communicate with the 
audio enabled device 102 via the I/O interface(s) 610 or via 
the network interface(s) 612. 

FIG. 7 depicts a block diagram 700 of an example of the 
distributed computing device(s) 210. As shown in the block 
diagram 700, the distributed computing device 210 may 
include one or more processors 702 (e.g., hardware-based 
processor(s)) configured to execute one or more stored 
instructions. The processor(s) 702 may comprise one or 
more cores. The distributed computing device 210 may 
include one or more I/O devices 704, one or more I/O 
interfaces 706, and one or more network interfaces 708 as 
described above respectively with reference to the I/O 
device(s) 604, the I/O interface(s) 610, and the network 
interface(s) 612. 
The distributed computing device 210 may include one or 

more memories, described herein as memory 710. The 
memory 710 comprises one or more CRSM, as described 
above with reference to the memory 614. The memory 710 
may include an OS module 712 that is configured to manage 
hardware resources such as the I/O device(s) 704, the I/O 
interface(s) 706, and the network interface(s) 708, and to 
provide various services to applications, processes, or mod 
ules executing on the processor(s) 702. The OS module 712 
may include one or more of the operating systems described 
above with reference to the OS module 616. The memory 
710 may include one or more of the modules described 
above as executing on the distributed computing device 210, 
Such as the content service module 212 and the speech 
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recognition module 204. In some implementations, the 
memory 710 may include the device set processing module 
618 that performs operations for designating device sets 
108, as described with reference to FIGS. 12 and 13. The 
memory 710 may also include one or more other modules 
714. Such as a user authentication module or an access 
control module to secure access to the distributed computing 
device 210, and so forth. 
The memory 710 may include data storage 716 to store 

data for operations of the distributed computing device 210. 
The data storage 716 may comprise a database, array, 
structured list, tree, or other data structure, and may be a 
relational or a non-relational datastore. The data storage 716 
may include data that is in active memory on the distributed 
computing device 210, or data that is written to a hard drive, 
disk, or other non-volatile storage on the distributed com 
puting device 210. The data storage 716 may store data such 
as that described above, including one or more of the Voice 
command(s) 110, the instruction(s) 112, the content ID(s) 
206, and the audio data 214. In some implementations, the 
data storage 716 may store the device set information 624 
that describes one or more device sets 108. In some imple 
mentations, the data storage 716 may store the account 
information 626 describing one or more user accounts 
associated with each of one or more audio enabled devices 
102. The data storage 716 may also store the device capa 
bility information 628 describing the functions (e.g., audio 
input or output functions, video functions, and so forth) 
supported by each of one or more audio enabled devices 
102. The data storage 716 may also store other data 718, 
Such as user authentication information or access control 
data. In some implementations, at least a portion of the 
information stored in the data storage 716 may be stored 
externally to the distributed computing device 210, on other 
devices that may communicate with the distributed comput 
ing device 210 via the I/O interface(s) 706 or via the network 
interface(s) 708. 

FIG. 8 depicts a schematic 800 illustrating an example 
format for the device set information 624 describing one or 
more device sets 108. The device set information 624 may 
describe any number of device sets 108 that each includes 
any number of audio enabled devices 102 grouped for 
shared audio functionality. As shown in the example of FIG. 
8, the device set information 624 may include device set 
information 624(1) that describes a device set 108. The 
device set information 624(1) may include a device set 
description 802. The device set description 802 may indicate 
the location(s), user ownership, or functionality employed to 
designate the device set 108. For example, the device set 
description 802 may be “Ramirez family audio output 
devices”, “master bedroom TV”, “living room set top box”. 
“whole house audio playback devices”, “upstairs audio 
output devices”, “Michael's game console', and so forth. 
The device set information 624(1) may also include a list 

of included devices 804, listing any number of audio enabled 
devices 102 included in the device set 108. Each entry in the 
list of included devices 804 may specify one or more of a 
device ID 806, a device name 808, a location 810, or 
supported functions 812. The device ID 806 may identify the 
audio enabled device 102 based on its MAC address, URI, 
IP address, or using another type of identifier. The device ID 
806 may uniquely identify the audio enabled device 102 
generally, or may uniquely identify the audio enabled device 
102 within the scope of devices associated with a particular 
user 106 or group of users. The device name 808 may be a 
hostname, user-assigned name, or some other name that may 
describe the audio enabled device 102. 
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In some cases, the location 810 may provide a location of 
the audio enabled device 102 relative to a home, office, or 
other setting. For example, the location 810 may be “living 

99 room', 'kitchen , “Rebecca's office”, “game room”, “mas 
ter bedroom”, “northwest corner of living room', and so 
forth. The location 810 may also specify geographic coor 
dinates of the audio enabled device 102, as determined 
through information provided by a satellite-based navigation 
system such a Global Positioning System (GPS) or other 
signal-based location determination system. 
The supported functions 812 may list any number of 

audio input functions, audio output functions, or other types 
of functions supported by the audio enabled device 102. The 
supported functions 812 may provide any level of specific 
ity. In some cases, Supported functions 812 may include 
“audio output, indicating that the audio enabled device 102 
provides some type of audio playback capability. The Sup 
ported functions 812 may also include more detailed 
descriptions of the audio playback capability of the audio 
enabled device 102. For example, the supported functions 
812 may also include “audio output subwoofer, indicating 
that the audio enabled device 102 provides audio playback 
capability in a lower frequency range, such that the audio 
enabled device 102 may be suitable to play a low frequency 
(e.g., Subwoofer) channel in a Surround Sound configuration 
with other audio enabled devices 102. The supported func 
tions 812 may include “audio output stereo' or “audio 
output mono' indicating that the audio enabled device 102 
is respectively configured to play audio content including 
multiple channels or a single channel. The Supported func 
tions 812 may include “audio output 5.1' or “audio output 
7.1” indicating that the audio enabled device 102 is respec 
tively configured to play audio content in a 5.1 or 7.1 
Surround Sound format, or in other Surround Sound formats 
including any number of channels. 
The supported functions 812 may also list other types of 

functions Supported by the device, including but not limited 
to: Video output functionality (e.g., display functionality); 
audio, video, or image recording or capture capabilities (e.g., 
through the use of camera(s), microphone(s), etc.); gaming 
functionality; Support for a graphical user interface (GUI); 
capabilities to control networked appliances; and so forth. 
Implementations may also support the inclusion of other 
types of information in the device set information 624, such 
as an identification of a user associated with each of the 
audio enabled device(s) 102, a current state of the audio 
enabled device(s) 102 (e.g., powered on, powered off, 
asleep, Suspended, etc.), and so forth. 

FIGS. 9-11 depict schematics 900, 1000, and 1100 illus 
trating an example of device set information 624 that 
describes multiple device sets 108. As shown in the example 
of FIGS. 9-11, the device set information 624 may include 
any number of sections, and each section may include 
information describing a device set 108. In the example, the 
device set information 624 is delineated or otherwise speci 
fied using metadata in which various tags indicate the type 
of data included in the tags. Implementations are not limited 
to the particular tags and attributes included in FIGS. 9-11, 
or the arrangement or ordering of the tags and attributes. 

FIGS. 9-11 illustrate an example of nested or hierarchical 
device sets 108, in which one device set 108 may include a 
subset of the audio enabled devices 102 included in another 
device set 108. For example, as shown in FIG. 9, the device 
set 108 “audio output devices” includes ten audio enabled 
devices 102 located in various rooms of a home. One of the 
audio enabled devices 102, named “tablet13, may not 
include a location attribute given that it is a mobile device. 
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A second device set 108 “living room audio output devices’ 
includes those audio enabled devices 102 located in the 
“living room”. With reference to FIG. 10, a third device set 
108 “living room audio output devices for home theater 
includes the audio enabled devices 102 that are located in the 
“living room” and that have been designated (either auto 
matically or by a user) as to be used in conjunction with a 
home theater system. Other device sets 108 listed in FIGS. 
10 and 11 describe a further level of hierarchy, listing the 
audio enabled devices 102 to be used for the rear channel, 
left channel, and right channel in the home theater configu 
ration. FIG. 11 also includes an additional device set 108 
“audio input devices', listing the audio enabled devices 102 
that are configured to provide an audio input function to 
receive and/or process voice commands 110. The designa 
tion of a device set 108 is described further with reference 
to FIGS. 12 and 13. 

FIGS. 12 and 13 depict flow diagrams 1200 and 1300 of 
a process for designating a device set 108 that includes first 
and second audio enabled devices 102. One or more opera 
tions of the process may be performed by the device set 
processing module 618, or by other modules executing on 
the audio enabled device(s) 102, the distributed computing 
device(s) 210, or other devices. 
At 1202, a determination is made of a proximity of a first 

audio enabled device 102(1) and a second audio enabled 
device 102(2). In some implementations the proximity is 
determined based on receiving, at the audio enabled device 
102(1), a signal transmitted by the audio enabled device 
102(2). In some cases the signal may be a radio frequency 
signal, which may be arranged according to a version of the 
IEEE 802.11 standard. The signal may include an identifi 
cation of the audio enabled device 102(2). By transmitting 
the signal, the audio enabled device 102(2) may indicate its 
presence in an environment and enable other audio enabled 
devices 102 to discover and communicate with the audio 
enabled device 102(2). 
At 1204, a determination is made whether the audio 

enabled devices 102(1) and 102(2) are associated with a 
same user account for a single user 106 or a group of users 
106. In some cases, the user account(s) for the audio enabled 
devices 102(1) and 102(2) may be based on the user(s) 106 
who purchased the audio enabled devices 102(1) and 102(2) 
through an online store, or based on the user(s) 106 who 
were otherwise associated with the audio enabled devices 
102(1) and 102(2) at time of purchase or after. If the audio 
enabled devices 102(1) and 102(2) are not associated with a 
same user account, the process may proceed to 1206 and 
continue monitoring for signals from audio enabled devices 
102. If the audio enabled devices 102(1) and 102(2) are 
associated with a same user account, the process may 
proceed to 1208. 

In some implementations, a user account may be associ 
ated with an audio enabled device 102 during or after the 
purchase of the audio enabled device 102. For example, 
during the purchase of the audio enabled device 102 from an 
online (or offline) store, the purchaser may specify the user 
account to be associated with the audio enabled device 102, 
or the user account may default to a login or other credential 
that the purchaser employs to purchase the audio enabled 
device 102 through an online store. In some implementa 
tions, the user account maybe associated with the audio 
enabled device 102 after purchase of the audio enabled 
device 102, during a setup process in which the user 106 
may employ speech or text input capabilities of the audio 
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enabled device 102 (or of another audio enabled device 102) 
to specify the user account to be associated with the audio 
enabled device 102. 

Determining the user account associated with an audio 
enabled device 102 include accessing the account informa 
tion 626 that describes one or more user accounts associated 
with one or more audio enabled devices 102. The account 
information 626 may be stored on one or both of the audio 
enabled device(s) 102 and the distributed computing 
device(s) 210. 

At 1208, a determination is made whether the audio 
enabled device 102(2) is configured to provide an audio 
output function, an audio input function, or both an audio 
output and audio input function. In some cases, the deter 
mination of the supported functions of the audio enabled 
device 102(2) may be based on the identification of the audio 
enabled device 102(2) included in the signal. The audio 
enabled device 102(1) may make the determination by 
accessing the device capability information 628 that 
describes supported functions for particular audio enabled 
devices 102, or for particular types of audio enabled devices 
102. The device capability information 628 may be stored on 
one or both of the audio enabled device(s) 102 and the 
distributed computing device(s) 210. In some implementa 
tions, the signal may include information describing the 
supported functions of the audio enabled device 102(2). 
At 1210, a determination may be made of a location of the 

audio enabled device 102(2) relative to the audio enabled 
device 102(1), such as a distance or direction of the audio 
enabled device 102(2) from the audio enabled device 102(1). 
In some cases, the determination of the location may include 
determining locations of the audio enabled devices 102(1) 
and 102(2) within a house or other building, such as the 
rooms in which the audio enabled devices 102(1) and 102(2) 
are located. The location determination at 1206 may be 
based on location information 1212, which may include one 
or more of the following. 
The location information 1212 may include data describ 

ing the strength, the direction, or both the strength and 
direction of the signal received at 1202. In some cases, the 
detection of the signal may itself indicate that the audio 
enabled devices 102(1) and 102(2) are within a predeter 
mined distance of one another, based on the strength of the 
signal as transmitted (e.g., the original signal strength) and 
based on a predicted degradation of the signal strength over 
distance. For example, based on the strength of the signal as 
transmitted and based on properties of signal degradation for 
the particular type of signal, a distance between the audio 
enabled devices 102(1) and 102(2) may be calculated. The 
calculated distance may then be compared to the predeter 
mined threshold distance to determine whether the audio 
enabled devices 102(1) and 102(2) may be included in the 
same device set 108. In some cases, the location information 
1212 may also include information describing a time when 
the signal was transmitted. In such cases, a distance between 
the audio enabled devices 102(1) and 102(2) may be calcu 
lated as a product of the time of flight of the signal (e.g., the 
time difference between the transmission time and the 
receipt time of the signal) and the speed of the signal. 
The location information 1212 may include data from a 

satellite-based navigation system such as a GPS system, or 
data from another signal-based location determination tech 
nique Such as geolocation based on cell tower locations, 
wireless network signals, and so forth. 

The location information 1212 may include geolocation 
databased on the IP addresses of the audio enabled devices 
102(1) and 102(2). For example, the IP addresses may 
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indicate that the audio enabled devices 102(1) and 102(2) 
are within a same house or other building assigned a 
particular range of IP addresses. 
The location information 1212 may include audio-loca 

tion data determined by measuring audio signal strength, 
direction, or both strength and direction. For example, one 
of the audio enabled devices 102(1) and 102(2) may emit a 
sound that is detected by the other. Based on the detected 
loudness and direction of the sound, and knowing the 
loudness of the originally emitted Sound, an estimate may be 
made of the distance and direction between the audio 
enabled devices 102(1) and 102(2). 
The location information 1212 may also include user 

provided location information. In some implementations, 
the user 106 may provide information indicating a location 
of the audio enabled devices 102(1) and 102(2), such as the 
location of the audio enabled devices 102(1) and 102(2) in 
various rooms of the user's home. In some cases, the user 
106 may employ a configuration wizard or other software 
executing on a user device, to specify the locations of the 
various audio enabled devices 102 that have been detected 
in the environment. For example, each audio enabled device 
102 may be instructed to emit a sound, and the user 106 may 
be asked to describe its location (e.g., living room, bedroom, 
kitchen, etc.) Alternatively, the user 106 may carry a mobile 
user device (e.g., tablet, Smartphone, etc.) to each of the 
audio enabled devices 102 in their environment, and the 
configuration Software executing on the mobile user device 
may prompt the user 106 to describe the location of the 
nearby audio enabled device 102. In some implementations, 
the location for an audio enabled device 102 may be 
specified by the user 106 when the user 106 purchases or 
otherwise acquires the audio enabled device 102. For 
example, the user 106 may purchase a set top box through 
an online store and may be prompted to input the intended 
location of the set top box in the user's home. Other types 
of location information 1212 may also be used to determine 
the location of the audio enabled devices 102(1) and 102(2) 
at 1210. The process may proceed as described with refer 
ence to FIG. 13. 
At 1302, based on the location(s) determined at 1210, a 

determination is made whether the audio enabled devices 
102(1) and 102(2) are within a predetermined threshold 
distance of each other (e.g., within ten meters) or at a 
common location (e.g., in the same house, apartment, and so 
forth). If not, the process may proceed to 1304 and continue 
monitoring for signals from audio enabled devices 102. If 
so, the process may proceed to 1306. 

In some implementations, the determination that the audio 
enabled devices 102(1) and 102(2) are within a predeter 
mined threshold distance may be based on the ability of the 
audio enabled device 102(1) to receive the signal transmitted 
by the audio enabled device 102(2). For example, the audio 
enabled device 102(1) may have access to information 
regarding the power and frequency at which the audio 
enabled device 102(2) transmitted the signal, as in cases 
where the signal complies with a version of the IEEE 802.11 
standard for wireless networking. The predetermined thresh 
old distance may be the maximum distance over which a 
signal having that power and frequency may be detected, 
e.g., the range of a signal having that power and frequency. 
At 1306, a device set 108 may be designated that includes 

the audio enabled devices 102(1) and 102(2). The device set 
108 may enable shared functionality between the audio 
enabled devices 102(1) and 102(2), as described further with 
reference to FIGS. 14-17. In some implementations, the 
device set 108 may be employed to authorize the shared 
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functionality between the audio enabled devices 102(1) and 
102(2). For example, the audio enabled device 102(1) may 
be authorized to control the audio output on the audio 
enabled device 102(2) if the audio enabled devices 102(1) 
and 102(2) are both included in the device set 108. As 
described with reference to FIGS. 8-11, the device set 108 
may be arranged according to one or more of device 
location, Supported device functions, or associated users. 
For example, a device set 108 may include audio enabled 
devices 102 located in the “living room’, audio enabled 
devices 102 that support audio output, or audio enabled 
devices 102 that are associated with the user 106 “Martine'. 
The designation of the device set 108 at 1306 may include 
determining the device set information 624 that describes 
the device set 108 as including the audio enabled devices 
102(1) and 102(2). In some cases, the designation may 
include generating the device set information 624 for a 
device set 108 that is not currently designated (e.g., gener 
ating new device set information 624). Alternatively, the 
designation may include modifying previously generated 
device set information 624 to incorporate the audio enabled 
devices 102(1) and 102(2) into a previously designated 
device set 108. 
The device set 108 may enable shared functionality 

between the audio enabled devices 102(1) and 102(2). Such 
shared functionality may include controlling the audio out 
put function of an audio enabled device 102 in the device set 
108, based on voice command(s) 110 received at another 
audio enabled device 102 in the device set 108. The shared 
functionality may include shared playback of audio content 
using audio output functions of multiple audio enabled 
devices 102 in the device set 108, the shared playback being 
in parallel (e.g., as Substantially synchronized playback) or 
using a different set of audio enabled device(s) 102 at a time. 

At 1308, the device set 108 may be described in the device 
set information 624, which may be stored in memory on one 
or more of the audio enabled device 102(1), the audio 
enabled device 102(2), or the distributed computing 
device(s) 210. At 1310, the process may continue monitor 
ing for signals from audio enabled devices 102. 

In some implementations, the determination of one or 
more device sets 108 may be at least partly automated, based 
on the locations, user associations, and functionality of the 
audio enabled devices 102. In some implementations, the 
determination of the device set(s) 108 may be based at least 
partly on input from one or more users 106 provided through 
configuration Software executing on a user device. For 
example, based on a determination that a set top box is in the 
same room with one or more audio output devices, the 
configuration Software may suggest that the audio output 
devices be grouped with the set top box in a device set 108 
with the device set description 802 “home theater. Such a 
device set 108 may enable the set top box to share audio 
output functionality with the audio output devices, providing 
a richer home theater experience. Moreover, in some cases 
the recommendation of audio enabled devices 102 to group 
into a device set 108 may be based on sales data, delivery 
data, or other information regarding the user's past pur 
chases or activities. For example, based on sales data 
indicating that the user 106 previously purchased audio 
output devices, a set top box, a television, or other compo 
nents of a home theater system, the configuration Software 
may recommend that the user 106 specify a device set 108 
with device set description 802 “home theater. 

FIG. 14 depicts a flow diagram 1400 of a process for 
employing a voice command 110 received at a first audio 
enabled device 102(1) to control one or more operations of 
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one or more second audio enabled devices 102(2). One or 
more operations of the process may be performed by the 
Voice command processing module 202, the speech recog 
nition module 204, the content retrieval module 208, the 
audio output module 216, or by other modules executing on 
the audio enabled device(s) 102, the distributed computing 
device(s) 210, or other devices. 
At 1402, a voice command 110 is received at a first audio 

enabled device 102(1). The voice command 110 may include 
an identification of the second audio enabled device(s) 
102(2). The voice command 110 may also include a descrip 
tion of an operation to be performed on the audio enabled 
device(s) 102(2). In some cases, the operation may be to 
present audio content, video content, or other types of 
content using content presentation capabilities of the audio 
enabled device(s) 102(2). Implementations also support 
other types of operations, such as operations to deactivate 
(e.g., power off, Suspend, or put to sleep) or activate (e.g., 
power on, or wake up) the audio enabled device(s) 102(2). 
At 1404 device set information 624 is accessed, the device 

set information 624 indicating that the audio enabled devices 
102(1) and 102(2) are included in a same device set 108 that 
enables or authorizes shared functionality between the audio 
enabled devices 102(1) and 102(2). In some implementa 
tions, the device set may enable shared audio functionality 
that includes shared audio output between multiple audio 
enabled devices, such that the same audio output is played 
in parallel on multiple audio enabled devices or played at 
different times on different audio enabled devices. In such 
cases, a voice command may identify a device set on which 
audio content is to be played (e.g., "play favorite songs in 
living room'). Device set information may then be accessed 
to determine the audio enabled devices that are included in 
the identified device set (e.g., living room audio playback 
devices), and the requested audio content may be played on 
the audio enabled devices of the device set. A device set may 
also enable shared audio functionality that includes shared 
audio input, such that a voice command or other audio input 
received at a receiving audio enabled device may be 
employed to control audio output or other operations per 
formed by one or more target devices. For example, a voice 
command play random classical music in the bedroom' 
may be received and processed by an audio enabled device 
in a different room (e.g., the living room). The audio enabled 
device that receives the Voice command may then cause the 
specified device set (e.g., bedroom audio playback devices) 
to play the specified audio content. 

In some implementations, a device set may determine 
whether shared functionality is authorized between devices. 
For example, a voice command may be received at a first 
audio enabled device, the Voice command specifying audio 
content to be played on a second audio enabled device. If the 
first and second audio enabled devices are included in the 
same device set, the first audio enabled device to send one 
or more instructions to the second audio enabled device to 
instruct the second audio enabled device to play the 
requested audio content. 
At 1406, based on the supported function(s) 812 listed in 

the device set information 624 for the audio enabled 
device(s) 102(2), a determination may be made that the 
audio enabled device(s) 102(2) are not configured to provide 
an audio input function for receiving and processing voice 
command(s) 110. Alternatively, the device set information 
624 may indicate that the audio enabled device(s) 102(2) are 
configured to provide an audio input function that is disabled 
at a time when the voice command 110 is received at the 
audio enabled device 102(1). For example, the audio 
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enabled device 102(2) may be asleep or otherwise in a state 
of suspended operations when the voice command 110 is 
received. Alternatively, the audio enabled device 102(2) may 
be a clutched device that is configured to accept voice 
commands 110 while a user 106 is pressing a button on the 
audio enabled device 102(2) or is otherwise manipulating 
the audio enabled device 102(2). In such cases, the voice 
command 110 may be received while the user 106 is not 
pressing the button on the audio enabled device 102(2). 

At 1408, the voice command 110 may be analyzed to 
determine the instruction(s) 112 that instruct the audio 
enabled device 102(2) to perform the operation(s) described 
in the voice command 110. The analysis of the voice 
command 110 may be performed on one or more of the 
audio enabled device 102(1) or the distributed computing 
device(s) 210. 

In some cases, multiple audio enabled devices 102 may 
receive the same Voice command 110. In such cases, the 
audio enabled devices 102 may each record the voice 
command 110 and send the recordings of the Voice com 
mand 110 to a designated (e.g., master) audio enabled device 
102. The designated audio enabled device 102 may compare 
the various recordings of the voice command 110 and 
determine which recording exhibits the highest quality with 
regard to completeness, Sound quality, fidelity, or other 
characteristics. The highest quality recording may then be 
analyzed on the designated audio enabled device 102, or on 
the distributed computing device(s) 210, to determine the 
instruction(s) 112. 

At 1410, a network connection may be established 
between the audio enabled device 102(1) and each of the 
audio enabled device(s) 102(2). In some implementations, 
the network connection may be a wireless peer-to-peer 
connection between the audio enabled device 102(1) and 
each of the audio enabled device(s) 102(2). 

At 1412, the network connection(s) may be employed to 
send the instruction(s) 112 from the audio enabled device 
102(1) to each of the audio enabled device(s) 102(2), to 
instruct each of the audio enabled device(s) 102(2) to 
perform the operation(s) specified in the Voice command 
110. In some cases, a peer-to-peer network may have been 
previously established between the audio enabled device 
102(1) and each of the audio enabled device(s) 102(2). In 
Such cases, the previously established network(s) may be 
employed at 1412 instead of establishing new network(s) at 
1410. 
By employing the device set 108 to designate shared 

functionality between the audio enabled devices 102(1) and 
102(2), implementations enable the control of the audio 
enabled device(s) 102(2) through voice command(s) 110 
while the audio input function of the audio enabled device 
102(2) is disabled or otherwise unavailable. Moreover, 
implementations enable the extension of the audio input 
function to devices that may not otherwise Support an audio 
input function, by grouping devices of different capabilities 
into a device set 108. 

FIG. 15 depicts a flow diagram 1500 of a process for 
employing a voice command received at a first computing 
device to play audio content on one or more second com 
puting devices. One or more operations of the process may 
be performed by the Voice command processing module 
202, the speech recognition module 204, the content 
retrieval module 208, the audio output module 216, or by 
other modules executing on the audio enabled device(s) 102, 
the distributed computing device(s) 210, or other devices. 

At 1502, a voice command 110 is received at a first audio 
enabled device 102(1). The voice command 110 may include 
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an identification of second audio enabled device(s) 102(2), 
and a description of audio content to be played using an 
audio output function of the audio enabled device(s) 102(2). 
At 1504 device set information 624 is accessed, the device 

set information 624 indicating that the audio enabled devices 
102(1) and 102(2) are included in a same device set 108 that 
enables shared functionality between the audio enabled 
devices 102(1) and 102(2). 
At 1506, based on the device set information 624 a 

determination may be made that the audio enabled device(s) 
102(2) are configured to provide an audio output function 
for playing audio content. 
At 1508, the voice command 110 may be analyzed to 

determine the instruction(s) 112 that instruct the audio 
enabled device 102(2) to play the audio content described in 
the voice command 110. The analysis of the voice command 
110 may be performed on one or more of the audio enabled 
device 102(1) or the distributed computing device(s) 210. 
At 1510, a network connection may be established 

between the audio enabled device 102(1) and each of the 
audio enabled device(s) 102(2). In some implementations, 
the network connection may be a wireless peer-to-peer 
connection between the audio enabled device 102(1) and 
each of the audio enabled device(s) 102(2). 
At 1512, the network connection(s) may be employed to 

send the instruction(s) 112 from the audio enabled device 
102(1) to each of the audio enabled device(s) 102(2), to 
instruct each of the audio enabled device(s) 102(2) to play 
the audio output specified in the voice command 110. In 
Some cases, a peer-to-peer network may have been previ 
ously established between the audio enabled device 102(1) 
and each of the audio enabled device(s) 102(2). In such 
cases, the previously established network(s) may be 
employed at 1412 instead of establishing new network(s) at 
1410. 

FIGS. 16 and 17 depict flow diagrams 1600 and 1700 of 
a process for employing a voice command 110 received at a 
first audio enabled device 102(1) to synchronously play 
audio content on a plurality of target audio enabled devices 
102 included in a target device set 108. One or more 
operations of the process may be performed by the voice 
command processing module 202, the speech recognition 
module 204, the content retrieval module 208, the audio 
output module 216, or by other modules executing on the 
audio enabled device(s) 102, the distributed computing 
device(s) 210, or other devices. 
At 1602, a voice command 110 is received at a receiving 

audio enabled device 102(1). The voice command 110 may 
include an identification of a target device set 108, and a 
description of audio content to be played using an audio 
output function of the audio enabled devices 102 included in 
the target device set 108. 
At 1604 device set information 624 is accessed, the device 

set information 624 indicating that the audio enabled device 
102(1) and the target device set 108 are included in a same 
device set 108 that enables shared functionality between the 
audio enabled device 102(1) and the audio enabled devices 
102 of the target device set 108. 
At 1606, based on the device set information 624 a 

determination is made of the audio enabled devices 102 that 
are included in the target device set 108. A determination 
may also be made that the audio enabled devices 102 of the 
target device set 108 are configured to provide an audio 
output function for playing audio content. 
At 1608, the voice command 110 may be analyzed to 

determine the instruction(s) 112 that instruct the target audio 
enabled devices 102 of the target device set 108 to play the 
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audio content described in the voice command 110. The 
analysis of the voice command 110 may be performed on 
one or more of the audio enabled device 102(1) or the 
distributed computing device(s) 210. 

With reference to FIG. 17, at 1702 a determination may be 
made whether the receiving audio enabled device 102(1) is 
included in the target device set 108. If not, the process may 
proceed to 1704. If so, the process may proceed to 1708. 

At 1704, a network connection may be established 
between the receiving audio enabled device 102(1) and each 
of the audio enabled devices 102 in the target device set 108. 
In some implementations, the network connection may be a 
wireless peer-to-peer connection between the audio enabled 
device 102(1) and each of the audio enabled devices 102 in 
the target device set 108. 

At 1706, the network connection(s) established at 1704 
may be employed to send the instruction(s) 112 from the 
receiving audio enabled device 102(1) to each of the audio 
enabled devices 102 in the target device set 108, to instruct 
each of the audio enabled devices 102 to play the audio 
output specified in the Voice command 110. In some cases, 
the audio enabled devices 102 may be instructed to play the 
audio content in parallel (e.g., simultaneously, or in a 
Substantially synchronized playback). 
At 1708, a network connection may be established 

between the receiving audio enabled device 102(1) and each 
of the other audio enabled devices 102 in the target device 
set 108. In some implementations, the network connection 
may be a wireless peer-to-peer connection between the 
audio enabled device 102(1) and each of the other audio 
enabled devices 102 in the target device set 108. 

At 1710, the network connection(s) established at 1708 
may be employed to send the instruction(s) 112 from the 
receiving audio enabled device 102(1) to each of the other 
audio enabled devices 102 in the target device set 108, to 
instruct each of the audio enabled devices 102 to play the 
audio output specified in the voice command 110. In some 
cases, the audio enabled devices 102 may be instructed to 
play the audio content in parallel (e.g., simultaneously, or in 
a substantially synchronized playback) while the audio 
content is played by the receiving audio enabled device 
102(1). 

Those having ordinary skill in the art will readily recog 
nize that certain steps or operations illustrated in the figures 
above may be eliminated, combined, or performed in an 
alternate order. Any steps or operations may be performed 
serially or in parallel. Moreover, the methods described 
above may be implemented as one or more Software pro 
grams for a computer system and may be encoded in a 
computer-readable storage medium as instructions execut 
able on one or more processors. 

Embodiments may be provided as a computer program 
product including one or more non-transitory computer 
readable storage media having stored thereon instructions 
(in compressed or uncompressed form) that may be used to 
program a computer (or other electronic device) to perform 
processes or methods described herein. The computer-read 
able storage media may include one or more of an electronic 
storage medium, a magnetic storage medium, an optical 
storage medium, a quantum storage medium, and so forth. 
For example, the computer-readable storage media may 
include, but are not limited to, hard drives, floppy diskettes, 
optical disks, read-only memories (ROMs), random access 
memories (RAMs), erasable programmable ROMs 
(EPROMs), electrically erasable programmable ROMs (EE 
PROMs), flash memory, magnetic or optical cards, solid 
state memory devices, or other types of physical media 
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suitable for storing electronic instructions. Further, embodi 
ments may also be provided as a computer program product 
including a transitory machine-readable signal (in com 
pressed or uncompressed form). Examples of machine 
readable signals, whether modulated using a carrier or 
unmodulated, include but are not limited to signals that a 
computer system or machine hosting or running a computer 
program may be configured to access, including signals 
transferred by one or more networks. For example, a tran 
sitory machine-readable signal may comprise transmission 
of software by the Internet. 

Separate instances of these programs can be executed on 
or distributed across any number of separate computer 
systems. Thus, although certain steps have been described as 
being performed by certain devices, Software programs, 
processes, or entities, this need not be the case and a variety 
of alternative implementations will be understood by those 
having ordinary skill in the art. 

Additionally, those having ordinary skill in the art readily 
recognize that the techniques described above can be uti 
lized in a variety of devices, environments, and situations. 
For example, although the examples herein described using 
a device set 108 to enable shared audio functionality 
between audio enabled devices 102, implementations may 
be similarly used to enable shared functionality for video or 
graphics presentation on multiple devices, shared interactive 
game play across multiple devices, and so forth. Although 
the present disclosure is written with respect to specific 
embodiments and implementations, various changes and 
modifications may be suggested to one skilled in the art. It 
is intended that the present disclosure encompass Such 
changes and modifications that fall within the scope of the 
appended claims. 

What is claimed is: 
1. A computer-implemented method, comprising: 
receiving, at a first audio enabled computing device, a 

radio signal transmitted by a second audio enabled 
computing device, the radio signal including informa 
tion indicative of an identification of the second audio 
enabled computing device; 

determining that the first audio enabled computing device 
is within a threshold distance of the second audio 
enabled computing device; 

determining that the second audio enabled computing 
device is configured to provide an audio output func 
tion using a speaker, 

determining, with the first audio enabled computing 
device, device set information including: 
a device set description, generated by the first audio 

enabled computing device, indicative of a name of a 
group that includes the first audio enabled computing 
device and the second audio enabled computing 
device; and 

device capability information, generated by the first 
audio enabled computing device and the second 
audio enabled computing device, indicative of a set 
of device capabilities of the first audio enabled 
computing device and the second audio enabled 
computing device; 

determining that the set of device capabilities includes 
functions to control the audio output function of the 
second audio enabled computing device using a voice 
command received using a microphone at the first 
audio enabled computing device; and 

storing the device set information on the first audio 
enabled computing device. 
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2. The method of claim 1, further comprising: 
accessing account information that describes a first user 

account associated with the first audio enabled com 
puting device and a second user account associated 
with the second audio enabled computing device; and 

wherein the determining the device set information is 
responsive to determining the first user account and the 
second user account refer to a same user. 

3. The method of claim 1, the determining that the first 
audio enabled computing device is within the threshold 
distance of the second audio enabled computing device 
further comprising: 

measuring a signal strength of the radio signal received at 
the first audio enabled computing device; 

employing the signal strength to determine a distance 
between the first audio enabled computing device and 
the second audio enabled computing device; 

determining the threshold distance as a maximum range 
of the radio signal as transmitted; and 

determining that the distance is less than or equal to the 
maximum range. 

4. The method of claim 1, further comprising: 
determining that the set of device capabilities includes an 

audio input function for processing a plurality of Voice 
commands received for controlling the second audio 
enabled computing device; 

determining the audio input function of the second audio 
enabled computing device is disabled; and 

controlling the audio output function of the second audio 
enabled computing device using the voice command 
received at the first audio enabled computing device. 

5. A system, comprising: 
at least one computing device configured to implement 

one or more services, wherein the one or more services 
are configured to: 
receive, at a first audio enabled computing device, a 

signal transmitted by a second audio enabled com 
puting device, the signal representing data indicative 
of identification of the second audio enabled com 
puting device; 

determine that the first audio enabled computing device 
is within a threshold distance of the second audio 
enabled computing device; 

determine that the second audio enabled computing 
device is configured to provide an audio function that 
includes one or more of an audio output function or 
an audio input function; 

determine device set information including: 
a device set description, generated by the first audio 

enabled computing device, indicative of a name of 
a group that includes the first audio enabled com 
puting device and the second audio enabled com 
puting device; 

an identification of a plurality of computing devices; 
and 

device capability information, generated by the first 
audio enabled computing device and the second 
audio enabled computing device, indicative of 
functions Supported by the plurality of computing 
devices; and 

determine the device capability information includes 
enabling the first audio enabled computing device to 
use the audio function of the second audio enabled 
computing device. 
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6. The system of claim 5, wherein the signal is: 
a radio signal compliant with at least a portion of a version 

of an Institute of Electrical and Electronics Engineers 
(IEEE) 802.11 standard; 

a radio signal compliant with at least a portion of a version 
of a BluetoothTM standard; 

an optical light signal; 
an infrared light signal; 
an acoustic signal in an audible frequency range; 
an acoustic signal in an ultrasonic frequency range; or 
an acoustic signal in an infrasonic frequency range. 
7. The system of claim 5, wherein the device set infor 

mation enables one or more of: 
control of the audio output function of the second audio 

enabled computing device using a voice command 
received at the first audio enabled computing device; 

Substantially synchronized playback of audio content 
using the audio output function of the second audio 
enabled computing device and an audio output function 
of the first audio enabled computing device; 

playback of the audio content using the audio output 
function of the first audio enabled computing device 
during a first time period and using the audio output 
function of the second audio enabled computing device 
during a second time period different than the first time 
period; 

playback of first audio content using the audio output 
function of the first audio enabled computing device 
contemporaneously with playback of second audio 
content using the audio output function of the second 
audio enabled computing device, the first audio content 
being different than the second audio content; 

activation of the second audio enabled computing device 
using the Voice command received at the first audio 
enabled computing device; or 

deactivation of the second audio enabled computing 
device using the Voice command received at the first 
audio enabled computing device. 

8. The system of claim 5, the determining that the first 
audio enabled computing device is within the threshold 
distance of the second audio enabled computing device 
further comprising: 

measuring a signal strength of the signal received at the 
first audio enabled computing device; 

employing the signal strength to determine a distance 
between the first audio enabled computing device and 
the second audio enabled computing device; 

determining the threshold distance as a maximum range 
of the signal; and 

determining that the distance is less than or equal to the 
maximum range. 

9. The system of claim 5, wherein the one or more 
services are further configured to: 

access account information that describes a first user 
account associated with the first audio enabled com 
puting device and a second user account associated 
with the second audio enabled computing device; and 

wherein the determining the device set information is 
responsive to determining the first user account and the 
second user account refer to a same user. 

10. The system of claim 5, wherein the one or more 
services are further configured to: 

access device capability information that describes a first 
set of device capabilities of the first audio enabled 
computing device and a second set of device capabili 
ties of the second audio enabled computing device; and 
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wherein the determining the device set information is 
responsive to determining the first set of device capa 
bilities and the second set of device capabilities include 
the audio output function. 

11. The system of claim 5, the determining that the first 
audio enabled computing device is within the threshold 
distance of the second audio enabled computing device 
further comprising: 

accessing location information describing a first location 
of the first audio enabled computing device and a 
second location of the second audio enabled computing 
device, the location information received from a satel 
lite-based navigation system; 

determining a distance between the first location and the 
second location; and 

determining that the distance is less than or equal to the 
threshold distance. 

12. The system of claim 5, the determining that the first 
audio enabled computing device is within the threshold 
distance of the second audio enabled computing device 
further comprising: 

accessing location information including Internet Proto 
col (IP) addresses of the first audio enabled computing 
device and the second audio enabled computing device; 

determining the IP addresses of the first audio enabled 
computing device and the second audio enabled com 
puting device are within an IP address range corre 
sponding to a building; and 

determining that the first audio enabled computing device 
and the second audio enabled computing device are 
located in the building. 

13. The system of claim 5, the determining that the first 
audio enabled computing device is within the threshold 
distance of the second audio enabled computing device 
further comprising: 

measuring, at the first audio enabled computing device, a 
strength of an audio signal sent by the second audio 
enabled computing device; 

employing the strength to determine a distance between 
the first audio enabled computing device and the sec 
ond audio enabled computing device; and 

determining that the distance is less than or equal to the 
threshold distance. 

14. The system of claim 5, the determining that the first 
audio enabled computing device is within the threshold 
distance of the second audio enabled computing device 
further comprising: 

accessing location information provided by a user, the 
location information describing a first portion of a 
building as a first location of the first audio enabled 
computing device and describing a second portion of 
the building as a second location of the second audio 
enabled computing device; and 

determining that the first location is the second location. 
15. The system of claim 5, the determining that the first 

audio enabled computing device is within the threshold 
distance of the second audio enabled computing device 
further comprising: 

measuring a time of transmission of the signal transmitted 
by the second audio enabled computing device; 

measuring a time of receipt of the signal received at the 
first audio enabled computing device; 

employing a difference between the time of transmission 
and the time of receipt to determine a distance between 
the first audio enabled computing device and the sec 
ond audio enabled computing device; and 
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28 
determining that the distance is less than or equal to the 

threshold distance. 
16. One or more non-transitory computer-readable media 

storing instructions which, when executed by at least one 
processor, instruct the at least one processor to perform 
actions comprising: 

receiving, at a first audio enabled computing device, a 
signal transmitted by a second audio enabled comput 
ing device, the signal including information indicative 
of an identification of the second audio enabled com 
puting device; 

determining that the first audio enabled computing device 
is within a threshold distance of the second audio 
enabled computing device; 

determining that the second audio enabled computing 
device is configured to provide an audio function that 
includes one or more of an audio output function or an 
audio input function; and 

determining, with the first audio enabled computing 
device, device set information including: 
a device set description generated by the first audio 

enabled computing device, the device set description 
indicative of a name of a group that includes the first 
audio enabled computing device and the second 
audio enabled computing device; 

device capability information, generated by the first 
audio enabled computing device and the second 
audio enabled computing device, indicative of func 
tions Supported by the first audio enabled computing 
device and the second audio enabled computing 
device, wherein the functions enable the first audio 
enabled computing device to use the audio function 
of the second audio enabled computing device; and 

wherein the device set information enables substan 
tially synchronized playback of audio content using 
the audio output function of the second audio 
enabled computing device and an audio output func 
tion of the first audio enabled computing device. 

17. The one or more non-transitory computer-readable 
media of claim 16, the determining that the first audio 
enabled computing device is within the threshold distance of 
the second audio enabled computing device further com 
prising: 

measuring a signal strength of the signal received at the 
first audio enabled computing device; 

employing the signal strength to determine a distance 
between the first audio enabled computing device and 
the second audio enabled computing device; 

determining the threshold distance as a maximum range 
of the signal; and 

determining that the distance is less than or equal to the 
maximum range. 

18. The one or more non-transitory computer-readable 
media of claim 16, the actions further comprising: 

accessing account information that describes a first user 
account associated with the first audio enabled com 
puting device and a second user account associated 
with the second audio enabled computing device; and 

wherein the determining the device set information is 
responsive to determining the first user account and the 
second user account refer to a same user. 

19. The one or more non-transitory computer-readable 
media of claim 16, the actions further comprising: 

accessing device capability information that describes a 
first set of device capabilities of the first audio enabled 
computing device and a second set of device capabili 
ties of the second audio enabled computing device; and 
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wherein the determining the device set information is 
responsive to determining the first set of device capa 
bilities and the second set of device capabilities include 
the audio output function. 

20. The one or more non-transitory computer-readable 
media of claim 16, wherein the device set information 
enables one or more of: 

control of the audio output function of the second audio 
enabled computing device using a voice command 
received at the first audio enabled computing device; 

playback of the audio content using the audio output 
function of the first audio enabled computing device 
during a first time period and using the audio output 
function of the second audio enabled computing device 
during a second time period different than the first time 
period; 

playback of first audio content using the audio output 
function of the first audio enabled computing device 
contemporaneously with playback of second audio 
content using the audio output function of the second 
audio enabled computing device, the first audio content 
being different than the second audio content; 

activation of the second audio enabled computing device 
using the Voice command received at the first audio 
enabled computing device; or 

deactivation of the second audio enabled computing 
device using the Voice command received at the first 
audio enabled computing device. 
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